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Introduction
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Image Formation Process
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Undersampled Point Spread Functions
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Point Response Functions
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Point Response Function▼ ▼ Point Spread Function

▲ Detector Response Function

Volume ▲

▲ normalized PRF

Effective Background Area ▲

Critical-Sampling Scale Length ▲
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Performance Model based on
Information Theory
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I. Photometry
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Systematic Error: Poor Sky Measurement

sky too lowsky too low

sky too highsky too high

sky just rightsky just right
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II. Astrometry
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▲
= 1 if critically sampled
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III. Relationship Between Astrometric
and Photometric Errors
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IV. Performance Model
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background level ▼

pixel value ▲
stellar intensity [electrons] ▲

▼ volume of Point Response Function

▲ normalized PRF

▲ Point Spread Function

signal-to-noise ratio ▲

                              ▲
                              aperture size  [pixels]

▲ readout noise
▲

Effective Background Area

▼Critical-Sampling Scale Length
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Photometry and Astrometry
with Discrete PSFs
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What is a discrete PSF?
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parameter vector ▲
▲measurement error

▲data ▲model

correction vector ▲

measurement error ▲

▲Hessian matrix

N
onlinear Least Squares Theory
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Analytical PSFs:Analytical PSFs:  Just compute the PSF at the desired
location in the observational model.

Numerical PSFs:Numerical PSFs:  Take the reference numerical PSF and shiftshift
itit to the desired location using a perfect 2-d interpolationusing a perfect 2-d interpolation
functionfunction.  OK… but how is that done in practice?

Note: The 2-d sinc function is separable in x and y.

How does one move a PSF?

SolutionSolution  
      Use the following 21-pixel-wide damped sinc function:Use the following 21-pixel-wide damped sinc function:
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Each column forms an image
▲       ▲       ▲       ▲
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Derivatives of the PRF
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Analytical Derivatives
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   Data: Analytical Gaussian FWHM=3.0 px
 Model: Analytical Gaussian FWHM=3.0 px
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The mathematics of determining the position partial
derivatives of the observational model with respect to the x
and y direction vectors is exactly the same with analytical or
numerical PSFs.  The implementation methodology, however,The implementation methodology, however,
is significantly different.is significantly different.   The position partial derivatives of
numerical PSFs can be determined using numericalnumerical
differentiation techniquesdifferentiation techniques on the numerical PSF.  Numerical
experiments have shown that the following five-point
differentiation formula works well with numerical PSFs:

Numerical Derivatives
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   Data: Analytical Gaussian FWHM=3.0 px
 Model: Numerical Gaussian FWHM=3.0 px
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Why does this work so well?
Photon Noise

▲and That’s A Good Thing®

Computational noise < 1/15th photon noise
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Inefficient Detectors
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Problem: Undersampled PRFs
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Source of the problem:Source of the problem:  Negative flux valuesNegative flux values
caused by shifting an undersampled PSF !caused by shifting an undersampled PSF !
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Question: But why did it work for faint stars?

Because one need lots of photons to
properly sample the higher spatial
frequencies of a PSF!
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Solution: Use Supersampled PSFs !
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Ugly (real) PSFs?

James Webb Space Telescope
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Calibration Errors
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Challenges of PSF Extraction
• highly variable PSF within the field of view
• too few stars
• which are not bright enough
• from undersampled observations
• that are poorly dithered
• with

– significant Charge Transfer Efficiency variations
– variable diffusion
– loss of photons due to charge leakage

• and may possibly be nonlinear at <1% level
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Spitzer Space Telescope’s
Infrared Array Camera
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A 5.6% peak-to-peak range in measured flux
values within a 21x21 pixel square aperture.
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Stars centered in the middle of a pixel have more flux
than those that are centered on a pixel corner.

Not all of the
variation is
random!
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IRAC Data Handbook
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A 5.3% peak-to-peak range in measured flux
values within an aperture radius of 10 pixels.
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uncorrected
corrected

A 4.9% peak-to-peak range using
the recommended radial correction.
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uncorrected
corrected

A 3.5% peak-to-peak range in measured flux
values within an aperture radius of 5 pixels
and using the recommended radial correction.
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IRAC Ch1 PSF (5x5 theoretical)
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Relative Intrapixel QE Variation of IRAC Ch1     
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 random errors
     

 systematic errors

Lost flux can be recovered
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The recommended radial correction may leave
a significant systematic error of a few percent.
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MATPHOT Photometry
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MATPHOT
with residuals

A 1.7% peak-to-peak range using MATPHOT flux
measurements with residuals within 5 pixels.
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An improvement of 100%
over the best results from
aperture photometry using
MATPHOT with residuals.
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uncorrected
corrected

An improvement of >100%
for aperture photometry
corrected with MATPHOT
computed PRF volumes.
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